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Introduction: Acquisition of Pseudomonas aeruginosa (PA) in the lungs of patients with cystic fibrosis (CF) is a marker of poor survival.
PA is a ubiquitous pathogen prevalent in humid conditions. This study aimed to identify the prevalence of PA in public swimming pools, as
well as from water taps.
Methods: Water was collected from public indoor and outdoor pools in the area of St. Gallen, Switzerland. In addition, standing and running
water was sampled from bathroom water taps of 50 patients with CF.
Results: Outdoor pools: In 2002, none of the 72 specimens from 28 pools revealed PA. In 2003, three specimens from 46 pools (7%)
revealed PA, each were from a different paddling pool. Indoor pools: two of 128 specimens from 56 pools (4%) identified PA, both were from
non-public hydrotherapy pools. Water taps: in winter, none of the 102 specimens was colonized with PA. in summer, only two out of 50
specimens of the standing water were positive for PA but none of the running water revealed PA.
Conclusion: The prevalence of PA in public swimming pools and bathroom water taps in the eastern part of Switzerland is very low. On hot
summer days, outdoor paddling pools and standing tap water can contain PA. This study does not support recommendations to avoid public
swimming pools or running tap water if the water is maintained according to hygiene guidelines.
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Pseudomonas aeruginosa is a well-recognized pathogen
in people with cystic fibrosis (CF) [1]. Chronic lung infection
with P. aeruginosa is a major risk for deteriorating pulmonary
function and reduced life expectancy in patients with CF [2–
5], and is commonly acquired in childhood. Despite well
publicized epidemic strains, the initial source of P. aerugi-
nosa remains unknown in most patients. Possible sources
include the environment, person-to-person spread (especially
from another person with CF), or through contact with objects
that have become contaminated with P. aeruginosa[6].1569-1993/$ - see front matter D 2005 European Cystic Fibrosis Society. Publish
doi:10.1016/j.jcf.2005.06.003
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concerned about the acquisition of PA and try to avoid risk
situations (holiday camps, contact with other CF patients,
recreational swimming pools, etc.). In many countries it is
now recommended to avoid holiday camps and close contact
with other CF patients [6–8] and some countries recommend
to avoid spas and other forms of aerated baths [7,9]. Others
advise their patients with CF to avoid public showers and
public swimming pools [10], and some CF physicians even
insist that CF patients should only drink tap water that has
been boiled [10,11], although these last named recommen-
dations are not based on scientific evidence.
Water is a documented environmental source of P.
aeruginosa [12] but there is limited published data about
the prevalence of P. aeruginosa in public swimming pools4 (2005) 227 – 231ed by Elsevier B.V. All rights reserved.
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prevalence of P. aeruginosa in home tap water. Therefore, the
aim of this study was to identify the prevalence of P.
aeruginosa in public indoor and outdoor pools, as well as
bathroom water taps in the greater area of St. Gallen,
Switzerland, over a two-year period (2002–2003).2. Methods
St. Gallen is a rural area located in the eastern part of
Switzerland with a population of almost 500,000. In the
greater area of St. Gallen, water from all public outdoor and
indoor swimming pools is tested annually by the environ-
mental health department for common bacteria such as E.
coli. Water is collected by environmental health officers
using 100 ml sterile plastic disposal bottles which are
gamma-sterilized and contain sodium-thiosulfate.
In 2002 and 2003, it was decided to also test for P.
aeruginosa as a marker of polluted water. In addition to the
testing of public water, water was sampled from bathroom
water taps of all 50 patients with CF who attend the CF
clinic at the Children’s Hospital in St. Gallen, a tertiary
hospital for the eastern area of Switzerland. The first sample
was taken from standing tap water early in the morning prior
to the tap being used. The second sample was taken after
running the tap for at least one minute. This testing was
undertaken in both winter (January 2003) and summer
(August 2003). All specimens were examined within 24 h
following collection.
P. aeruginosa was isolated and characterized from water
specimens according to the official Swiss method: 100 ml
water was filtered through a 0.45 Am gridded cellulose esterTable 1
Prevalence of Pseudomonas aeruginosa in public outdoor and indoor swimming
Type Samples (100ml) PA positive (%)
Outdoor pools 2002 (n =28)
Paddling pool 33 0
Nonswimmer pool 8 0
Diving pool 5 0
Swimming pool 26 0
Total this group 72 0
Outdoor pools 2003 (n =46)
Paddling pool 54 3 (5.6%)
Nonswimmer pool 20 0
Diving pool 7 0
Swimming pool 36 0
Total this group 117 3 (2.6%)
Indoor pools 2002/2003 (n =56)
Paddling pool 2 0
Nonswimmer pool 8 0
Swimming pool 35 0
Hydrotherapy pool 70 2 (2.9%)
Whirlpool 13 0
Total this group 128 2 (1.6%)
Total 317 5 (1.6%)membrane and the membrane was placed on Cetrimid Agar
(Pseudomonas CFC agar, Oxoid CM559) with 10 ml
Glycerol/l and Nalidixic acid, Oxoid SR102E), incubated
at 37 -C for 48 h. Colonies that clearly showed pyocyanin
production (bluegreen colonies and flourescent at 360 nm)
were considered positive for P. aeruginosa. All colonies
were confirmed using Cetrimid Agar (same as above)
incubated at 42 -C for 48 h and on testing were found to
be oxidase positive (Merck-testswobs).
In addition, we determined the total bacterial count
(colony count): 1 ml water was put in a Petri dish and 15
ml of Standard Methods Agar (Difco, 279740) was added
and incubated at 30 -C for 72 h. The total amount of all
aerobic mesophile bacteria was determined but not
specified. This is a standard method used in Switzerland
to define the water quality. Levels up to 300 counts/ml
are regarded as normal according to Swiss hygiene
recommendations.3. Results
3.1. Swimming pools
In 2002, from 28 public outdoor pools, 72 specimens
were investigated, none of which revealed P. aeruginosa.
During the hot summer of 2003, three of 117 specimens
from 46 (7%) public outdoor pools revealed P. aeruginosa.
These three specimens were each from a different paddling
pool. Two of 128 specimens from 56 indoor pools (4%)
identified P. aeruginosa; 24 are public and 32 non-public
indoor pools. Each of these positive specimens was from a
different non-public hydrotherapy pool (Table 1).pools
Colony count (per ml)
0–100 101–1000 1001–10,000 >10,000
24 (72.7%) 5 (15.2%) 4 (12.1%) 0
8 (100%) 0 0 0
5 (100%) 0 0 0
24 (92.3%) 0 2 (7.7%) 0
61 (84.7%) 5 (6.9%) 6 (8.3%) 0
38 (70.4%) 9 (16.7%) 4 (7.4%) 3 (5.6%)
19 (95.0%) 1 (5.0%) 0 0
6 (85.7%) 1 (14.3%) 0 0
34 (94.4%) 2 (5.6%) 0 0
97 (82.9%) 13 (11.1%) 4 (3.4%) 3 (2.6%)
2 (100.0%) 0 0 0
7 (87.5%) 1 (12.5%) 0 0
29 (82.9%) 6 (17.1%) 0 0
52 (74.3%) 10 (14.3%) 8 (11.4%) 0
7 (53.8%) 5 (38.5%) 1 (7.7%) 0
97 (75.8%) 22 (17.2%) 9 (7.0%) 0
255 (80.4%) 40 (12.6%) 19 (6.0%) 3 (0.9%)
Table 2
Prevalence of Pseudomonas aeruginosa in water taps
Type Samples (100ml) PA positive (%) Colony count (per ml)
0–100 101–300 301–1000 1001–10,000 >10,000
January 2003
1st specimen (standing water) 51 0 2 (4%) 6 (12%) 19 (37%) 24 (47%) 0
2nd specimen (running water) 51 0 39 (76%) 8 (16%) 4 (8%) 0 0
Total this group 102 0 41 (40%) 14 (14%) 23 (22%) 24 (24%) 0
August 2003
1st specimen (standing water) 50 2 (4%) 4 (8%) 4 (8%) 11 (22%) 27 (54%) 4 (8%)
2nd specimen (running water) 50 0 38 (76%) 8 (16%) 2 (4%) 2 (4%) 0
Total this group 100 2 (2%) 42 (42%) 12 (12%) 13 (13%) 29 (29%) 4 (4%)
Total 202 2 (1%) 83 (41%) 26 (13%) 36 (18%) 53 (26%) 4 (2%)
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In winter 2003, one hundred and two specimens were
obtained, none of which was colonized with P. aeruginosa.
However, 42 of 51 (82%) of the standing water specimens
had an increased total bacterial count (>300 colonies/ml).
After running the water for 60 s, this decreased to 8%
(Table 2).
In summer 2003, fifty samples were taken of which two
(4%) revealed P. aeruginosa in standing water. No P.
aeruginosa was found in the running water specimens. The
total bacterial count was similar to the count in winter, with 42
of 50 (84%) of the water specimens having an increased
bacterial count (>300 colonies/ml), which decreased to 8% in
running water.4. Discussion
This study has shown that the prevalence of P.
aeruginosa in public swimming pools and bathroom water
taps in the eastern part of Switzerland is very low. However
on hot summer days, outdoor paddling pools and standing
tap water can contain P. aeruginosa.
So far, only a few studies have examined the prevalence
of P. aeruginosa in swimming pools. A study from
Germany in the late 1970s revealed P. aeruginosa in 5%
of public swimming pools and 13% of hotel indoor pools
[13]. A survey of bacteria in private swimming pools in
Australia in the early 1980s showed a prevalence of PA in
7% of chlorine treated pools, although the swimming pools
were not well chlorinated [14]. A recent study from Ireland
reported a very high prevalence of P. aeruginosa in 38% of
swimming pools and 73% of jaccuzzis and spas [15] which
contrasts greatly to our overall prevalence of 4% (5/130
pools). We only identified P. aeruginosa in three paddling
pools during the hot summer of 2003 and in a couple of
non-public hydrotherapy indoor pools. Interestingly, we did
not find any P. aeruginosa in the 13 specimens from
whirlpools. We used the same methods and P. aeruginosa
identification criteria as the Irish study, but we used smaller
sampling bottles (100 ml vs. 500 ml) and took far fewerspecimens which could imply ascertainment bias. However,
we suggest that the explanation for the highly different rates
of P. aeruginosa that have been identified in these two
studies reflects different approaches to the maintenance of
public pools. Apart from the level of free chlorine and the
efficiency of the filtration system, there are many additional
factors that could influence the prevalence of P. aeruginosa
in leisure pools such as the density of use, proximity of the
pool to the soil, grass and vegetation, the cleanness of the
surrounding pool side and the presence of large plastic
inflatables in the pool. However, neither the Irish nor our
study have investigated these issues.
In Switzerland, there are no uniform regulations for
swimming pool disinfection and each of the 26 cantons has
its own health regulation. In St. Gallen, public swimming
pools are usually disinfected with ozone or chlorine.
However, there are no recommended minimum chlorine or
ozone concentrations. An upper limit of free chlorine of 0.8
mg/l and an ozone level of 0.02 mg/l is recommended [16].
However, P. aeruginosa is highly adapted to survive in the
environment and mucoid P. aeruginosa has been reported to
survive water chlorination with free chlorine below 0.57
mg/l [17]. American researchers have recommended a free
chlorine residual level of 0.6 mg/l or higher with a pH
between 7.2–7.8 for preventing P. aeruginosa dermatitis
[18]. We are aware that P. aeruginosa usually survives in
biofilms on surfaces (e.g. inflatables) [19,20] but this was
not the topic of the present study.
Water has previously been documented as an important
environmental source of P. aeruginosa [12] and has been
associated with a variety of clinical conditions in non-CF
patients [18,21–25]. Swimming pools are known sources of
P. aeruginosa associated infections like folliculitis [18,21–
23] and otitis externa [21] in non-CF patients but we do not
know what risk this constitutes to CF patients and their lungs,
respectively. There are few case reports of pneumonia [24]
and urinary tract infections [25] in previous healthy patients
after using a whirlpool. However, to our knowledge, no
transmission of P. aeruginosa from swimming pools to CF
patients has been documented up to now. During the study
period, we had 5 children who newly acquired P. aeruginosa.
None of these five children has visited any of the 3 paddling
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aeruginosa. Our study investigated the prevalence of P.
aeruginosa in swimming pools but it does not allow us to
draw definite conclusions about the possible risk of P.
aeruginosa transmission from pool water to CF patients.
However, our study results do not support recommendations
to avoid well maintained public swimming pools.
In Germany, some CF physicians and CF groups are
recommending that people with CF should avoid public
showers and public swimming pools, and should drink
only tap water that has been boiled [10,11]. In contrast to
home tap water, there is published data about the
prevalence of P. aeruginosa in tap water and sinks in
hospitals, and the transmission of P. aeruginosa to patients
in intensive care units and in hospital wards is well
documented [26–30]. However, transmission of P. aeru-
ginosa from tap water at home to CF-patients has never
been investigated. As our study has shown, we did not
identify P. aeruginosa from any of the running water
samples, although it was identified in two standing water
samples during the hot summer months in 2003. In neither
of these two children’s throat swabs or sputum samples has
P. aeruginosa ever been identified. Our study results do
not support recommendations to avoid running water from
bathroom water taps in private homes and that people with
CF should only drink water that has been boiled [11]. At
least in the eastern part of Switzerland, running water
appears to be safe and no risk for acquisition of P.
aeruginosa.
We did, however, identify a total bacterial count
above the tolerated value of 300 counts/ml in standing
water samples, which reduced to 8% on running the
tap for a minute. We cannot draw any further
conclusions regarding the microbiological sputum results
of our CF patients because our method of total
bacterial counting does not allow to specify bacteria.
As a result of our study, we suggest that people with
CF should drink water from taps after letting it run for
some time.
In conclusion, our study has shown a very low
prevalence of P. aeruginosa in public outdoor pools and
standing tap water at home during hot summer months in
the eastern part of Switzerland. We believe current
recommendations to avoid public indoor and outdoor
swimming pools and to avoid drinking running tap water
are inappropriate, as long as the water is well maintained
according to local hygiene guidelines.Acknowledgement
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